Simulation has been advocated as a useful training tool, and specific manikin simulators have been developed for use in this role. Debriefing and repetition have been identified as key to achieving educational goals and, while the technical features of manikin simulators can influence simulation outcomes, their cost and infrastructure requirements reduce their suitability for smaller healthcare facilities. We describe a local solution using biomedical calibration machines and modified basic manikins already available in our institution to form a high-fidelity anaesthetic simulator at minimal cost. This was effective in running high-fidelity, team-based in situ simulations and 'can't intubate, can't oxygenate' assessments for anaesthetic trainees. Though equipment in other centres may differ both in availability or suitability for simulation, the option we describe or similar may offer a low-cost solution for peripheral centres to run limited high-fidelity scenarios on a regular basis.
Simulation-based medical education has been used in a variety of forms for many years. Fidelity is a difficult concept to define, but is the extent to which the appearance and behaviour of the simulator or simulation matches the appearance and behaviour of the simulated system 1 . Technological advances have led to the introduction of realistic manikin simulators capable of high levels of fidelity, which can create an immersive learning environment 2 . Early anaesthetic simulators developed in the late 1980s that used waveform simulators were used by engineering departments to test monitors, combined with modified manikins 3 . These were superseded by commercial simulators, current examples of which include the Medical Education Technologies Inc. (METI ® ) Human Patient Simulator (HPS ® ) (CAE Healthcare, Sarasota, FL, USA) and the SimMan ® 3G (Laerdal, Stavanger, Norway).
While the technical features of more advanced simulation devices can influence simulation outcomes, there is increasing emphasis on the techniques used to facilitate learning during simulation. These include educational feedback, debriefing and repetition, with evidence of a 'dose response relationship' to learning 4 . There is also increasing recognition of the value of 'in situ simulation', where simulation is integrated into the clinical environment, providing the opportunity to practise teamwork within real clinical teams and giving opportunities to identify latent threats and system issues that may affect patient safety 5 . It has been suggested that in situ simulation can complement formal simulation courses, providing more frequent reinforcement, which aids retention of skills learned 5 .
Many departments have members with significant experience in running and debriefing scenarios, as well as the clinical environment to run in situ scenarios. However, the comprehensive simulators mentioned above are expensive, in excess of A$300,000 (personal communication, P. Bryant, Business Manager, Healthcare Simulation, Mediquip, Loganholme, Qld, Australia) and A$100,000 (personal communication, D. Dart, Laerdal New Zealand, Canterbury, New Zealand), respectively. They also have maintenance, training and infrastructure requirements that make them less suitable for peripheral centres without formal simulation centre facilities.
We describe a local solution using an airway training manikin (Laerdal, Stavanger, Norway) and biomedical calibration equipment already available within our institution that have allowed us to run limited high-fidelity anaesthetic simulations and 'can't intubate, can't oxygenate' scenarios at minimal cost.
MATERIALS AND METHODS
A number of manufacturers produce calibration machines that are used by clinical engineering departments to test equipment such as patient monitors used on anaesthetic machines. Our institution uses those produced by Fluke Biomedical (Everett, WA, USA).
The Fluke BP Pump 2 non-invasive blood pressure (NIBP) monitor analyser can be attached to a standard NIBP cable and can perform a simulation that can generate NIBP values of 60/30, 80/50, 100/65, 120/80, 150/100, 200/150 and 255/195 mmHg when the blood pressure is cycled.
The MPS450 multiparameter simulator (Fluke Biomedical, Everett, WA, USA) generates an electrocardiogram trace when leads are attached. Attaching a three-lead system generates sinus rhythm and allows rate control and a limited number of arrhythmias to be generated, including ventricular fibrillation and ventricular tachycardia. Attaching a five-lead electrocardiogram allows a wider range of supraventricular, nodal and ventricular rhythms along with morphology changes such as ST segment elevation and bundle branch blocks. This simulator is also able to generate an invasive blood pressure trace, but this is fixed at 120/80 mmHg and therefore of limited utility.
The Index 2 pulse oximetry (SpO 2 ) simulator (Fluke Biomedical, Everett, WA, USA) can be attached to finger SpO 2 probes (the specific make can be selected) and will generate both a plethysmograph trace and an SpO 2 value from 30 to 100%. These values are controlled by four buttons, allowing increases or decreases in SpO 2 and heart rate. When the SpO 2 or heart rate is changed, there is a pause of a second before the SpO 2 values gradually fall to the required value over a number of seconds.
When attached to our Anaesthesia Delivery Unit ® and Aisys ® Carestation ® anaesthetic machines (GE Healthcare, Singapore) or post-anaesthetic care unit monitors, we found that we could easily manipulate these parameters to fit our simulation scenarios ( Figure 1 ).
Fluke Biomedical have recently introduced the ProSim™ 8 Vital Signs Simulator, a single calibration device which allows manipulation of SpO 2 , invasive blood pressure and NIBP, electrocardiogram rhythms and temperature. The SpO 2 value and plethysmograph trace can be manipulated in 1% increments without the pause associated with the Index 2, while the invasive pressure and NIBP can be manipulated in 1 mmHg increments.
The use of the Airway Management Trainer (Laerdal, Stavanger, Norway) provides fidelity for airway management drills by allowing the use of bag-valve-mask assemblies, as well as laryngeal mask airway and endotracheal tube insertion. The lungs of the Airway Management Trainer are detached and the bronchi attached, via a Y-connector, to a 3600i Single Lung PneuView ® test lung (Michigan Instruments, Grand Rapids, MI, USA) usually used for calibrating our intensive care ventilators. Airway pressures can be manipulated by altering the compliance of the test lung by sliding springs along the sides. We have designed a system to generate an end-tidal CO 2 trace by routing tubing from a CO 2 cylinder/regulator via a T-connector into the test lung/ reservoir bag (Figure 2 ). At a flow rate of one litre/ minute and with a fresh gas flow of 5 litres/minute, a realistic end-tidal CO 2 trace and values are generated when the lung or reservoir bag recoils ( Figure 3 ). Spontaneous breathing is easy to simulate by simply moving the test lung by hand. A simpler system, using reservoir bags of 0.5, 1 and 3 litres instead of the test lung, can also be used to alter compliance, and hence airway pressures, but is unable to replicate spontaneous breathing.
A portable music player playing breath sounds via headphones taped to the anterior chest wall simulates realistic auscultation breath sounds.
Fidelity is further enhanced by using an intravenous cannulation arm from the hospital clinical skills unit and a cardiopulmonary resuscitation manikin when required.
For the performance of a 'can't intubate, can't oxygenate' scenario, a second T-connector is added between the Y-connector and CO 2 T-connector and a urinary catheter fed up into the trachea. The inflation of the catheter balloon prevents passage of an endotracheal tube or bougie. A section of ribbed scavenging tubing, with a small hole cut in the front to represent the cricothyroid membrane and covered with 3M™ Microfoam™ (3M, St Paul, MN, USA) to represent skin, is placed over the anterior neck to allow cricothyroid puncture (Figures 4 and 5 ).
DISCUSSION
Comprehensive manikin simulators suitable for running anaesthetic simulations include the METI ® HPS ® and SimMan ® 3G. The METI ® HPS ® is a fullsized manikin supported by a gas module which physically simulates the absorption of gases and vapours, and computer models for physiological and pharmacological events. This allows the METI ® HPS ® to be connected to conventional anaesthetic machines and monitors, which has led to it being used for anaesthetic scenarios in many simulation centres. However, its cost, ongoing maintenance requirements, infrastructure and faculty training requirements make it less suitable for a peripheral hospital without a formal simulation centre. Another comprehensive manikin simulator is the SimMan ® 3G, a script-controlled, full-sized adult manikin with a monitor display. Use of an integral monitor allows manipulation of parameters without complex manikin physiology or need for a gas module. This approach reduces cost but does not lend itself to use with standard anaesthetic monitors. The limited configurations and alarm sounds of the standard monitor may not reflect the monitors in use at a particular centre, which is not ideal in anaesthetic simulations where interaction with the anaesthetic machine and monitor is an important component of fidelity. The manikin has many features that are not necessary for anaesthetic scenarios. Conversely, although there is chest movement to simulate spontaneous breathing, the manikin does not actually ventilate or move air.
Early experience with our local solution suggests that useful simulation can be provided using a range of devices available within a hospital at little or no direct cost and that this may be a relatively untapped simulation resource. This type of setup is similar to the approach used in some of the earliest anaesthetic simulators and takes advantage of improvements in calibration devices and their user interfaces over the intervening period 3 . It can offer a low-cost solution for peripheral centres without formal simulation centre facilities to run high-fidelity simulations, particularly where funding and infrastructure requirements for one of the comprehensive simulators described above are unable to be met.
We recognise that we have not presented data validating the effectiveness of the in situ simulator described compared to other simulators. In part this is because the reasons for developing the in situ simulator in our centre (geographical isolation from a designated simulation centre, limited resources, small numbers of trainees) are those that limit our ability to validate it. It is, however, the approach described rather than the specifics of how we solved particular issues or problems that should be of most interest to readers, as the challenges faced by other centres may be different. For example, calibration equipment in other centres may be more or less suitable for running simulations. Centres with access to the latest Fluke Biomedical ProSim™ 8 Vital Signs Simulator will be able to control all parameters from one device, including manipulation of invasive blood pressure and temperature (Table 1 ). The in situ simulator described offers a potential way to utilise 'in-house' expertise in simulation and debriefing, to allow regular limited simulation provision for team members in their own clinical environment using the equipment, monitors and alarm sounds found in that location. This will reinforce and complement learning gained during attendance at formal simulation centre-led courses, which, due to their cost and the travel involved, may be attended only on an infrequent basis. Furthermore, use of the in situ simulator described will also allow team members who have limited access to simulation centres, such as anaesthetic technicians and operating theatre nursing staff, to access regular simulation experience and training in teamwork skills and knowledge.
There are potential problems with the fidelity of the setup we describe. These are outlined in Table 2 . Many are not insoluble and they may vary depending on the devices and manikins available in any given centre. They include the need to have faculty present in the room watching and controlling the devices, mitigated in our scenarios by having the controller dressed as a scrub nurse with devices on a scrub tray. The airway manikin has limitations, including a poor seal when a laryngeal mask airway is used (our solution was to intubate the manikin then slide the laryngeal mask airway over the endotracheal tube), no ability to alter the difficulty of intubation (this was solved in the 'can't intubate, can't oxygenate' scenario by blocking the trachea with a urinary catheter via a T-connector from below) and facility to do cricothyroidotomy (solved by using ventilator tubing covered and attached to the neck by DuoDERM ® dressing or 3M™ Microfoam™). We have been unable to recreate some monitored parameters such as a slanted CO 2 trace.
The inability to program scenarios creates a significant task-load for the person controlling the devices. Much of the cost benefit is mitigated if all devices have to be purchased from new, with the total cost approaching A$30,000 (see Table 3 ) and, in this situation, purchase of an integrated commercial manikin is likely to be more cost-effective in the longer term. Using equipment from other areas such as bioengineering or a clinical skills unit may limit availability. The simulator takes time to set up and take down (roughly 20 to 30 minutes) and, if used in a clinical area, timing and use of theatre space is an issue. The risks inherent in any in situ simulation, including equipment left in or contaminating a clinical environment, is also a potential problem, and in our centre the CO 2 cylinder and regulator are clearly marked, always accounted for and never left in a clinical setting unmonitored to minimise the risk of it being erroneously used as oxygen. Another concern is the possible detrimental impact of inexperienced practitioners debriefing stressed and potentially emotionally vulnerable participants. For those without prior debriefing training and experience, attending a simulation training instructor course should be considered essential prior to commencing such sessions.
The value of simulation-based medical education is well recognised 6 but advanced simulators may not be available, especially in peripheral centres. The Variable ease of parameter manipulation depending on the calibration devices available; for example the pause associated with changing SpO 2 values using the Fluke Biomedical Index 2 is not present using the Fluke Biomedical ProSim™ 8 solution we have described of using a variety of locally available devices offers a way to provide limited highfidelity simulation in peripheral centres on a regular basis. 
